We analyzed the molecular mechanisms involved in the acquisition and maturation of dopaminergic (DA) neurons generated in vitro from rat ventral mesencephalon (MES) 
INTRODUCTION
In mammals, three important contingents of dopaminergic (DA) neurons, consisting of the retrorubral nucleus, the substantia nigra, and the ventral tegmental area, are located in the ventral midbrain and form the nigrostriatal and the mesocortico-limbic DA pathways. These circuits regulate movement control, reward, and emotional behavior, as well as motivation. Degeneration of the ascending nigro-striatal pathway is associated with Parkinson's disease. Disturbance in the mesocortico-limbic system has been associated with schizophrenia, addictive behavioral disorders and attention-deficit hyperactivity disorder (ADHD) (Swanson, 1998; Hale, 2000) . Considerable information has accumulated on the complex cellular and molecular mechanisms of midbrain patterning and DA phenotypic induction, development and maturation (Zetterstrom, 1997) , whereas the latter is required for the development of SN but not ventral tegmental area DA neurons (Nunes, 2003; Smidt, 2004) . Committed and determined DA neurons express the key genes necessary for DA neurotransmission, such as the TH, vesicular monoamine transporter (VMAT2), and DA transporter (DAT) genes, at different times during development. Tyrosine hydroxylase, the rate-limiting enzyme in catecholamine biosynthesis, is expressed early during embryogenesis (E9) (di Porzio, 1990) . The VMAT2, which concentrates biogenic amines in the dense core vesicles, is also expressed early in mesencephalic (MES) development. The DAT, a specific marker of DA neurons, is responsible for the high affinity uptake of DA, a function that appears at later stages of DA development when compared with other DA markers, both in vivo and in vitro (di Porzio, 1980; Perrone-Capano, 2000) . The formation of midbrain DA circuits requires a proper matching between targets and presynaptic elements (Perrone-Capano, 2000; Zuddas, 1991) .
Striatal target neurons exert a beneficial and necessary effect on the maturation and function of presynaptic DA neurons, thereby modulating DAT and its function (di Porzio, 1980; Fiszman, 1991; Prochiantz, 1979; (Studer, 1998; Ling, 1998; Potter, 1999) , induction of immortalized neural cells to adopt a DA fate by gene transfection (Wagner, 1999) , expansion and differentiation of embryonic and neural stem cells (Lee, 2000; Chung, 2002) , transgenic approaches (Brodsky, 2003; Puelles, 2003 (Zuddas, 1990 (Prochiantz, 1979 (Steel, 1993) . After a first denaturing step for 8 min at 95C, PCR amplification was performed for 27 cycles, organized as follows: 95 C for 30 see; 56 C to 58 C for 30 see; 72 C for 40 see, followed by a final extension step (72 C for 5 min). As shown in Fig. 2A (Fig. 3) Number of TH cells in 9 DIV cultures treated with bFGF (20 ng/ml) for 9 DIV (+bFGF x 9 DIV), with bFGF for 9 DIV and addition of SHH (50 ng/ml) at 6 DIV (+bFGF x 9 DIV, +SHH at 6 DIV), with bFGF for 6 DIV (+bFGF x 6 DIV), with bFGF for 6 DIV and subsequent addition of SHH at 6 DIV (+bFGF x 6 DIV, + SHH at 6 DIV) or plated in the presence of both bFGF and SHH which are subtracted at 6 DIV (+bFGF x 6 DIV, +SHH x 6 DIV). As GABAergic neurons constitute an important contingent of ventral MES neurons, we analyzed the expression of key genes involved in GABA biosynthesis to evaluate whether the GABAergic phenotype could also be influenced by treatment with bFGF and SHH. As expected, the expression of glutamate acid decarboxylase GAD65, GAD67, and EP10 genes (the embryonic truncated form of GAD67) was detectable but was not significantly different in the different culture conditions tested (+bFGF; + SHH; data not shown).
In addition, expanded MES DA cultures expressed all the DA genes analyzed, such as TH, DAT, Nurrl, VMAT2 (Volpicelli, 2004) , and the tyrosine kinase receptor Ret (c-Ret, Volpicelli, 2004) . Different culture conditions (+/-bFGF; +/-SHH) did not influence the mRNA profiles of these genes (Fig. 4A) .
Recent findings have demonstrated that ascorbic acid (AA) increases the survival of TH / MES precursors (Yan, 2001; Lee, 2003 ). Thus, we tested the possibility of enriching TH / cells in our expanded MES cultures using a similar treatment.
The addition of AA (200 tM) for three days after six DIV of stimulation with bFGF and SHH led to a further four-to seven-fold increase in the number of TH / cells, when compared with cultures treated for 6 DIV with bFGF/SHH alone (Fig. 5A , 5B). This increase was paralleled by a seven-fold or greater increase in TH mRNA and a two-fold increase in DAT mRNA (Fig. 4B) (Pemas-Alonso, 1996; Julien, 1986 (Yan, 2001) 
